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FIG. 3A

HEAT SOURCE
CONTROLLER

l RECEIVING PROCESS 1/\“’ 101
T
CONFIRM DRIVING

CAPABILITY/ -~ 102
INCAPARILITY

CHANGE FROM
STOPPED STATE TO
DRIVING?2

UPDATING OF DRIVING )
INSTRUCTION/STATE | ~+—-—104
INFORMATIEON

VALVE OPERATION OF | — 105
REFRIGERANT CIRCULT
|

, START UP COMPRESSOR b~ — 106

t
t
'
'
!
'
!
!
1
i
i
i
i
i
i
t
t
t
t
t
£
i
i
i
i
i
i
i
i
i
i
i
!
!
!
t
i
3
1
1
1
— :
—~—CHANGE FROM N i
1
1
1
1
!
i
1
i
i
i
1
i
1
!
1
'
1
1
1
1
i
i
i
i
i
!
t
t
1
1
H
¥
H
i
i
i
i
i
i
i
t
i
U
t
t
t
¥

< DRIVING TO STOPPE
STATE?
_—
™~ 107
UPDATING OF DRIVING
INSTRUCTION -~ ~——1—108
INFORMATIEON
- 109
VALVE OPERATION OF
REFRIGERANT CIRCUTT[ i 110
UPDATING OF DRIVING |—__ | 111
INSTRUCTION
INFORMATTON

l REGULAR PROCESS |/”"\__/ 112

1TRANSMI SS5I0ON PROCES Si/”.\\——’ 113

i
i
i
H
H
1
H
H
H
H
]
1
i
]
i
1§
I3
¥
)
H
1
1
1
1
1
1
1
1
1
i
i
i
1
i
1
1
1
H
:
X STOP COMPRESSOR
§
;
1
1
1
I
]
1
1
1
1
1
]
1]
]
3
§
H
t
3
]
)
b
]
1
]
1
B
1]
i
i
i
i
]
]
14
]
H



U.S. Patent Sep. 1, 2015 Sheet 4 of 9 US 9,121,624 B2

FI1G. 3B

FIRST RELAY
CONTROLLER

START 126

| RECETVING PROCESS ;/*\._, 121

CONFIRM DRIVING .
CAPABILITY/ e 122
INCAPABILITY
//,L
—TCDE CHANGE FRO N
= T T~ 123

UPDATING OF DRIVING .
INSTRUCTION/STATE | 124
mFORMATIiON

VALVE OPERATION OF | —| 195
REFRIGERANT CIRCUIT

o

1
1
i
1
1
i
i
i
1
1
L
1
1
1
1
1
i
¥
i
i
t
'
!
!
!
]
' Y
1
t
i
H
§
§
H
H
1
§
i
'
!
'
3
'
I
i
3
i
B
b
]
3

CHANGE FROM N
< QRIVING TO STOPPED -

T STATE? — ]
Y ™~ 126

UPDATING OF DRIVING
INSTRUCTION -~ 127
INFORMATION

S’roﬁ)l STATE
OF HEAT SOURCE
NIT?

v ~ 128

VALVE OPERATION OF 199
REFRIGERANT CIRCUIT I

UPDATING OF DRIVING —J{ | 130
STATE INFORMATION

| REGULAR PROCESS ~——131

TRANSMISSION PROCESS”/—\W 132

_________________________________________



U.S. Patent Sep. 1, 2015 Sheet 5 of 9 US 9,121,624 B2

FIG. 3C
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1
INFORMATION TRANSFER SYSTEM FOR
REFRIGERATION AIR-CONDITIONING
APPARATUS

TECHNICAL FIELD

The present invention relates to a refrigeration air-condi-
tioning apparatus and, more particularly, relates to improve-
ment in stability of the driving of a refrigeration air-condi-
tioning apparatus including both a refrigerant circuit and a
water circuit.

BACKGROUND ART

Hitherto, there have been cooling apparatuses and air-con-
ditioning apparatuses (hereinafter referred to as refrigeration
air-conditioning apparatuses) including a water circuit and a
refrigerant circuit (see, for example, Patent Literature 1). In
such an apparatus, a circuit that inputs a pump driving signal
of a water circuit to a heat-source unit having a compressor
and that does not operate the compressor when there is no
input, so-called interlock circuit, has been often configured
by hardware.

PATENT LITERATURE

[Patent Literature 1] Japanese Unexamined Patent Appli-
cation Publication No. 7-127894

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

However, in a refrigeration air-conditioning apparatus in
which a heat-source unit, a first relay unit, a second relay unit,
and an indoor unit are connected by transmission lines, since
the heat-source unit, the first relay unit, the second relay unit,
and the indoor unit in series are connected by the transmission
lines at multiple stages, the interlock equipped by hardware
has a problem to be very complex, including a matter of
distance.

Furthermore, a system having both a refrigerant circuit and
a water circuit has concerns that the system will become
large; the communication protocol will become complicated;
and address allocation and communication traffic become
problematic, if a communication medium is used in common.

The present invention has been achieved to solve the
above-described problems in an information transfer system
for a refrigeration air-conditioning apparatus in which a heat-
source unit, a first relay unit, and a second relay unit are
connected by refrigerant piping, and a second relay unit and
an indoor unit are connected by water piping.

A main object of the present invention is to obtain an
information transfer system for a refrigeration air-condition-
ing apparatus in which stability of information transfer is
ensured by communicating through respective transmission
lines discretely between a pair of a heat-source unit and a first
relay unit, a pair of the first relay unit and a second relay unit,
and a pair of the second relay unit and an indoor unit.

Another object of the present invention is to obtain an
information transfer system for a refrigeration air-condition-
ing apparatus that does not require a interlock circuit with
complex hardware and enables to suppress the stress of refrig-
erant/water circuits by communicating only between the set
of the heat-source unit and the first relay unit, the set of the
first relay unit and the second relay unit, and the set of the
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2

second relay unit and the indoor unit, and by defining an
operation sequence among units at start/stop time through the
communication.

A further object of the present invention is to enable the
communication to be performed using difterent media/means
among the set of the heat-source unit and the first relay unit,
the set of the first relay unit and the second relay unit, and the
set of the second relay unit and the indoor unit, resulting in
increasing the degree of freedom in structuring a product.
Still another object of the present invention is to obtain an
information transfer system for a refrigeration air-condition-
ing apparatus that realizes an improvement of quality and a
reduction in cost, improves the degree of freedom of address
allocation and reduces communication traffic by using opti-
mal communication mediuny/means for each communica-
tion.

Means for Solving the Problems

An information transfer system for a refrigeration air-con-
ditioning apparatus according to the present invention is an
information transfer system for a refrigeration air-condition-
ing apparatus in which at least one heat-source unit of the
refrigeration air-conditioning apparatus, one first relay unit,
and at least one second relay unit are connected by refrigerant
piping, and the second relay unit and at least one indoor unit
are connected to each other by water piping,

wherein communications are performed discretely
between a pair of the heat-source unit and the first relay unit,
apair of the first relay unit and the second relay unit, and a pair
of the second relay unit and the indoor unit, through trans-
mission lines respectively.

Advantages

The present invention has advantageous effects such that
communication of information is performed only between the
heat-source unit and the first relay unit, between the first relay
unit and the second relay unit, and between the second relay
unit and the indoor unit, thereby simplifying the procedure of
information transfer and ensuring the stability of operations.
Furthermore, a complex interlock circuit in the form of hard-
ware is not needed, and stress in the refrigerant circuit and the
water circuit can be suppressed.

By using different media/means for communication
between a pair of units, it is possible to increase the degree of
freedom of product configuration. In addition, as a result of
using an optimal medium/means for each pair, the present
invention has advantageous effects such that improvement in
quality and reduction in cost can be realized, the degree of
freedom of address allocation is improved, and communica-
tion traffic can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram illustrating an information
transfer system for a refrigeration air-conditioning apparatus
in Embodiment 1.

FIG. 2 illustrates communication processes between pairs
of units in the refrigeration air-conditioning apparatus in
Embodiment 1.

FIG. 3 is flowcharts illustrating processes of communica-
tions and operations of the refrigeration air-conditioning
apparatus in Embodiment 1.

FIG. 4 is a schematic diagram illustrating an information
transfer system for a refrigeration air-conditioning apparatus
in Embodiment 2.
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FIG. 5 is a schematic diagram illustrating another example
of the information transfer system of Embodiment 2.

FIG. 6 is a schematic diagram illustrating another example
of the information transfer system of Embodiment 2.

REFERENCE NUMERALS

1 heat-source unit (heat-source-side unit or outdoor unit),
2a to 2d indoor unit (use-side unit), 3a first relay unit, 35
second relay unit, 3¢ second relay unit, 4a refrigerant piping,
45 refrigerant piping, 4¢ refrigerant piping, 5a water piping,
5b water piping, 5¢ water piping, 5d water piping, 7 transmis-
sion line, 8 transmission line, 9a transmission line, 95 trans-
mission line, 9¢ transmission line, 9d transmission line, 10
transmission line, 11 heat-source unit controller, 21a to 21d
indoor unit controller, 22a to 22d remote controller, 31a first
relay controller, 315 second relay controller, 31¢ second relay
controller

BEST MODES FOR CARRYING OUT THE
INVENTION

Embodiment 1

FIG. 1 is a schematic diagram illustrating an information
transfer system for a refrigeration air-conditioning apparatus
in Embodiment 1 of the present invention. As shown in FIG.
1, a heat-source unit (heat-source-side unit or outdoor unit) 1,
afirstrelay unit 3a, second relay units 35 and 3¢ are connected
by refrigerant piping 4a to 4¢, forming one refrigerant circuit
system.

Furthermore, the second relay unit 35 and a plurality of
indoor units (use-side units) 2a and 26 are connected by water
piping 5a and 55, forming one water circuit system, and the
second relay unit 3¢ and a plurality of indoor units (use-side
units) 2¢ and 24 are connected by water piping 5¢ and 5d,
forming one water circuit system.

The heat-source unit 1 includes a compressor, a valve cir-
cuit such as a four-way valve, an outdoor-side heat exchanger
and the like, and supplies heat necessary for the system over
a refrigerant.

The first relay unit 3a includes a gas liquid separator, a
valve circuit and the like, divides the transported refrigerant
into three: high-pressure gas, middle-pressure liquid, and low
pressure gas, and supplies them to cooling and heating heat
sources.

The second relay units 35 and 3¢ each include a refrigerant-
water heat exchanger, a directional control valve, a water
pump, and the like, transfer necessary heat to water from the
cooling refrigerant and the heating refrigerant, and circulate
the water having necessary quantity of heat into the water
circuit.

The indoor units 2a to 2d each include an indoor-side heat
exchanger, and perform heat exchange transfer of the quantity
of'heat from the water circulating into the water circuit to the
indoor air.

The heat-source unit 1 is controlled by the heat-source unit
controller 11, and the first relay unit 3a is controlled by the
first relay controller 31a. Furthermore, the second relay units
34 and 3c are controlled by the second relay controllers 315
and 31c, respectively, and the indoor units 2a to 2d are con-
trolled by the indoor unit controllers 21a to 21d, respectively.

The heat-source unit controller 11 and the first relay con-
troller 31a are directly connected to enable to transfer infor-
mation each other through a transmission line 7. The first
relay controller 31a and the second relay controllers 315 and
31c are directly connected to enable to transfer information
one another through a transmission line 8. The second relay
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controllers 315 and 31c¢ and the indoor unit controllers 21a to
21d are directly connected to enable to transfer information
one another through a transmission line 10. Furthermore, the
indoor unit controllers 21a to 214 are directly connected to
the remote controllers 22a to 22d to enable to transfer infor-
mation each other through transmission lines 9a to 9d respec-
tively. Also, the term “transmission line” described above
includes both the concepts of wired and wireless.

It is assumed that the heat-source unit controllers 11, the
first relay controller 31a, the second relay controllers 315 and
31c, the indoor unit controllers 21a to 214, and the remote
controllers 22a to 22d are each allocated with a unique
address, and know the addresses of communication parties at
the time of system start on the basis of a manual setting or an
automatic discrimination process.

FIG. 2 illustrates the form of a communication process
between pairs of units in the refrigeration air-conditioning
apparatus of FIG. 1. The heat-source unit controller 11 per-
forms communication only with the first relay controller 31a.
The first relay controller 31a transmits driving/stopping
instruction information of the first relay controller 314 to the
heat-source unit controller 11, and the heat-source unit con-
troller 11 transmits driving/stopped state information of the
heat-source unit controller 11 to the first relay controller 31a.
The driving/stopping instruction information may contain
information on an operation mode, such as heating/cooling,
and the like (the same also applies hereinafter). Furthermore,
some communications are preformed with transmitting and
receiving information periodically and some are preformed
with transmitting and receiving at the time of a change.

Furthermore, the heat-source unit controller 11 transmits
driving capability/incapability information of the heat-source
unit controller 11 to the first relay controller 31a. The driving
incapability information is set in a case where operation can
not be performed due to a decrease in the main power supply
of the heat-source unit, an abnormal input from temperature
and pressure sensors, or the like.

The first relay controller 31a performs communication
only with the heat-source unit controller 11 and the second
relay controllers 316 and 31c. The second relay controllers
314 and 31c transmit driving/stopping instruction informa-
tion of the second relay controllers 31a and 3156 to the first
relay controller 31a, and the first relay controller 31qa trans-
mits driving/stopped state information of the first relay con-
troller 31a to the second relay controllers 315 and 31c. Fur-
thermore, the first relay controller 31a transmits driving
capability/incapability information of the first relay control-
ler 31a to the second relay controllers 316 and 31c. The
driving incapability information of the first relay controller
31a contains a case of a decrease in the main power supply of
the first relay controller 31a, an abnormal input from tem-
perature and pressure sensors, or the like, and the case in
which the driving incapability information is received from
the heat-source unit controller 11.

The second relay controller 315 performs communication
only with the first relay controller 31a¢ and the indoor unit
controllers 21a and 215. The indoor unit controllers 21a and
2154 transmit driving/stopping instruction information of the
indoor unit controllers 21a and 215 to the second relay con-
troller 315, and the second relay controller 315 transmits
driving/stopped state information of the second relay control-
ler 315 to the indoor unit controllers 21a and 215.

Furthermore, the second relay controller 315 transmits
driving capability/incapability information of the second
relay controller 315 to the indoor unit controllers 21a and
215b. The driving incapability information of the second relay
controller 315 contains a case of a decrease in the main power
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supply of the second relay controller 315, an abnormal input
from temperature and pressure sensors, and the like, and the
case in which driving incapability information has been
received from the first relay controller 31a.

Similarly, the second relay controller 31¢ performs com-
munication only with the first relay controller 31a and the
indoor unit controllers 21¢ and 21d.

The indoor unit controller 21a performs communication
only with the second relay controller 315 and the remote
controller 22a. The remote controller 22a transmits setting
information such as driving/stopping of the remote controller
22a to the indoor unit controller 21a, and the indoor unit
controller 214 transmits driving/stopping information of the
indoor unit controller 21a to the remote controller 224. Fur-
thermore, the indoor unit controller 21a transmits driving
capability/incapability information of the indoor unit control-
ler 21a to the remote controller 224. The indoor unit control-
lers 2154, 21¢, and 21d also function in the same behavior.

FIG. 3 is flowcharts illustrating processes of communica-
tions and operations at the time of a change from stopped state
to driving and at the time of a change from driving to stopped
state out of operations of the heat-source unit controller 11,
the first relay controller 314, the second relay controllers 315
and 31¢, and the indoor unit controllers 21a to 21d. InFI1G. 3,
step 100 to step 113 indicate the process of the heat-source
unit controller 11, step 120 to step 132 indicate the process of
the first relay controller 314, step 140 to step 154 indicate the
process of the second relay controllers 315 and 31c¢, and step
160 to step 172 indicate the process of the indoor unit con-
trollers 21a to 21d.

(1) Communication when Compressor is Started

With reference to FIG. 3, the content of communication
when the compressor of the refrigeration air-conditioning
apparatus is started will be described. A description will be
given of communication in a case where a remote controller
22a is operated in a state in which all the indoor units 2a to 2d
are stopped, and the refrigeration air-conditioning apparatus
starts to be driven. First, an operator operates the remote
controller 22a, and performs setting of an operation mode, a
setting temperature, a wind direction, a wind velocity, and the
like. The remote controller 22a transmits the set information
to the indoor unit controller 21a through a transmission line
9a.

The indoor unit controller 21a performs processes of step
160 to step 172. First, in step 161, communications are newly
received, and a process for analyzing the received communi-
cations is performed. The communications that are received
here are driving capability/incapability information from the
second relay controller 315 through the transmission line 10
that is connected to the second relay controller 315, the driv-
ing/stopped state information of the second relay controller
315, and the driving/stopping instruction information from
the remote controller 22a through the transmission line 9a
that is connected to the remote controller 224.

After the analysis process is performed, in step 162, the
driving capability/incapability of the indoor unit 2a is deter-
mined on the basis of the driving capability/incapability
information from the second relay controller 315, the power-
supply state and the temperature of the indoor unit 24 itself,
the input value of the pressure sensor, and the like, and the
process then returns to step 163. The driving capability/inca-
pability information from the second relay controller 314
contains a case in which one of the second relay controller
3154, the first relay controller 31a, and the heat-source unit
controller 11 cannot be driven.

In step 163, it is determined whether or not a change from
stopped state to driving is performed, and when the change is
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to be performed, the process proceeds to step 164, and when
not, the process proceeds to step 166. This case is a case in
which a driving instruction has been received from the remote
controller 22a, driving capability information has been
received from the second relay controller 315, and the indoor
unit 2a itself is capable of driving, and thus, the process
proceeds to step 164.

In step 164, updates of the driving instruction and the
driving state information are performed, and the process then
proceeds to step 165. Here, the driving instruction informa-
tion and the driving state information of the indoor unit con-
troller 21a is set as driving.

In step 165, a valve of the water circuit in the indoor unit 2a
and the like are operated, and the process proceeds to step
166. It is determined in step 166 whether or not a change from
driving to stopped state is performed, and when the change is
to be performed, the process proceeds to step 167, and when
not, the process proceeds to step 171. In this case, since the
change is not performed, the process proceeds to step 171. In
step 171, it is determined whether or not regular processes
such as acquisition of sensor input and actuator control are
performed, and the process proceeds to step 172. In step 172,
a process for newly transmitting a communication is per-
formed. Here, since the driving instruction information and
the driving state information of the indoor unit 2¢ have
changed from stopped state to driving, driving information is
transmitted to the second relay controller 315 through the
transmission line 10.

When the driving operation does not perform, the indoor
unit controller 21a sends back incapability information to the
remote controller 22a. When the remote controller 22a
receives incapability information, the display expression is
changed to show stopped state, an in-preparation state, an
error state or the like. Furthermore, in the case of a driving
incapability state, by not transmitting driving information
that is set by the remote controller 224 to the second relay
controller 315, it is possible to suppress an increase in the
communication traffic.

Next, the operation of the second relay controller 315 will
be described. The second relay controller 315 performs the
processing from step 140 to step 154. First, in step 141, a
processing for analyzing newly received communication is
performed. The communications that are received here are
driving capability/incapability information from the first
relay controller 31a through the transmission line 8 that is
connected to the first relay controller 31a, driving/stopped
state information for the first relay controller 31a, and driv-
ing/stopping instruction information from the indoor unit
controllers 21a and 215 through the transmission line 10 that
is connected to the indoor unit controller 21a.

After the analysis process is performed, in step 142, the
driving capability/incapability of the second relay unit 35 is
determined on the basis of the driving capability/incapability
information from the first relay controller 31a, the power-
supply state and the temperature of the second relay control-
ler 315 itself, the input value of the pressure sensor, and the
like, and the process then proceeds to step 143. The driving
capability/incapability information from the first relay con-
troller 31a includes a case in which one of the first relay
controller 31a and the heat-source unit controller 11 cannot
be driven.

In step 143, it is determined whether or not a change from
stopped state to driving is performed, when the change is to be
performed, the process proceeds to step 144, and when not,
the process proceeds to step 147. In this case, a driving
instruction has been received from the indoor unit controller
21a, the driving capability information has been received
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from the first relay controller 31a, and in order that the second
relay unit 35 itself is made operable, the process proceeds to
step 144. In step 144, updating of the driving instruction
information and the driving state information is performed,
and the process then proceeds to step 145. Here, the driving
instruction information and the driving state information of
the second relay controller 315 are set as driving.

In step 145, the valve of the water circuit and the like in the
second relay unit 35 are operated, causing a pump to be
started. After that, the process proceeds to step 146. In step
146, the valve of the refrigerant circuit and the like in the
second relay unit 35 are operated, and the process then pro-
ceeds to step 147.

In step 147, it is determined whether or not a change from
driving to stopped state is to be performed, when the change
is to be performed, the process proceeds to step 148, and when
not, the process proceeds to step 153. In this case, by assum-
ing that the change is not to be performed, the process pro-
ceeds to step 153. In step 153, regular processes such as
acquisition of sensor input and actuator control are per-
formed, and the process then proceeds to step 154. In step
154, a process for newly transmitting a communication is
performed. Here, since the driving instruction information
and the driving state information of the second relay unit 35
have changed from stopped state to driving, the driving infor-
mation is transmitted to the first relay controller 31a through
the transmission line 8.

Next, a description will be given of the operation of the first
relay controller 31a. The first relay controller 31a performs
the processes from step 120 to step 132. First, in step 121, a
process for analyzing the newly received communications is
performed. The communications that are received here are
driving capability/incapability information from the heat-
source unit controller 11 through the transmission line 7,
which is connected to the heat-source unit controller 11,
driving/stopped state information for the heat-source unit
controller 11, and driving/stopping instruction information
from the second relay controller 315 through the transmission
line 8, which is connected to the second relay controller 315.

After the analysis process is performed, in step 122, the
driving capability/incapability of the first relay unit 3a is
determined on the basis of the driving capability/incapability
information from the heat-source unit controller 11 and the
power-supply state, the inputs of temperature and pressure
sensors of the first relay controller 314 itself and the like, and
the process proceeds to step 123.

In step 123, it is determined whether or not a change from
stopped state to driving is performed, when the change isto be
performed, the process proceeds to step 124, and when not,
the process proceeds to step 126. In this case, the driving
instruction has been received from the second relay controller
314, the driving capability information has been received
from the heat-source unit controller 11, and in order that the
firstrelay unit 3« itselfis made operable, the process proceeds
to step 124. In step 124, updating of the driving instruction
information and the driving state information is performed,
and the process then proceeds to step 125. Here, the driving
instruction information and the driving state information of
the first relay controller 31q are set as driving.

In step 125, the valve of the refrigerant circuit and the like
in the first relay unit 3a are operated, and the process then
proceeds to step 126. In step 126, it is determined whether or
not a change from driving to stopped state is to be performed,
when the change is to be performed, the process proceeds to
step 127, and when not, the process proceeds to step 131. In
this case, since the change is not performed, the process
proceeds to step 131. In step 131, regular processes such as
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acquisition of sensor input and actuator control are per-
formed, and the process then proceeds to step 132. In step
132, a process for newly transmitting a communication is
performed. Here, since the driving instruction information
and the driving state information of the first relay unit 3a have
been changed from stopped state to driving, the driving infor-
mation is transmitted to the heat-source unit controller 11
through the transmission line 7.

Next, a description will be given of the operation of the
heat-sourceunit controller 11. The heat-source unit controller
11 performs the processes of step 100 to step 113. First, in
step 101, a process for analyzing the newly received commu-
nication is performed. The communication that is received
here is driving/stopping instruction information from the sec-
ond relay controller 315 through the transmission line 7,
which is connected to the first relay controller 31a.

After the analysis process is performed, in step 102, the
driving capability/incapability of the heat-source unit 1 is
determined on the basis of the power-supply state, the tem-
perature and the pressure sensor input value of the heat-
source unit controller 11 itself, and the like, and the process
then proceeds to step 103.

In step 103, it is determined whether or not a change from
stopped state to driving is to be performed, when the change
is to be performed, the process proceeds to step 104, and when
not, the process proceeds to step 107. In this case, the driving
instruction has been received from the first relay controller
31a, and in order that the heat-source unit 1 itself is made
operable, the process proceeds to step 104. In step 104, updat-
ing of the driving instruction information and the driving state
information is performed, and the process then proceeds to
step 105. Here, the driving instruction information and the
driving state information of the heat-source unit controller 11
are set as driving.

In step 105, the valve of the refrigerant circuit and the like
in the heat-source unit 1 are operated and the process then
proceeds to step 106. In step 106, the compressor in the
heat-source unit 1 is started, and the process then proceeds to
step 107. In step 107, it is determined whether or not change
from driving to stopped state is performed, when the change
is to be performed, the process proceeds to step 108, and when
not, the process proceeds to step 112. In this case, since the
change is not to be performed, the process proceeds to step
112. In step 112, regular processes such as acquisition of
sensor input and actuator control are performed, and the
process then proceeds to step 113. In step 113, a process for
newly transmitting a communication is performed.

(2) Communication when Compressor is Stopped

Next, a description will be given of content of communi-
cation when a compressor of a refrigeration air-conditioning
apparatus is stopped. A description will be given of commu-
nication in a case of stopping the driving from a state in which
only the indoor unit 2¢ among the indoor units is operating,
by an operation of the remote controller 22a. First, the opera-
tor operates the remote controller 22a and performs an opera-
tion for stopping driving. The remote controller 22a transmits
stop information to the indoor unit controller 21a through the
transmission line 94, and changes the display to show stopped
state.

In step 161, the indoor unit controller 21a performs a
process for analyzing the newly received communication.
After the analysis process is performed, in step 162, the
driving capability/incapability of the indoor unit 2a is deter-
mined, and the process then proceeds to step 163.

In step 163, it is determined whether or not a change from
stopped state to driving is to be performed, when the change
is to be performed, the process proceeds to step 164, and when
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not, the process proceeds to step 166. In this case, the process
proceeds to step 166. In step 166, it is determined whether or
not a change from driving to stopped state is to be performed,
when the change is to be performed, the process proceeds to
step 167, and when not, the process proceeds to step 171. In
this case, the process proceeds to step 167.

In step 167, updating of the driving instruction information
is performed, and the process then proceeds to step 168. Here,
the driving instruction state of the indoor unit controller 21a
is set as stopped state. In step 168, it is determined whether or
not the driving state of the second relay controller 315 is
stopped state, when the driving state is stopped state, the
process proceeds to step 169, and when not, the process
proceeds to step 171. In this case, since the driving state is not
stopped state, the process proceeds to step 171. In step 171,
regular processes such as acquisition of sensor input and
actuator control are performed, and the process then proceeds
to step 172. In step 172, a process for newly transmitting a
communication is performed. Here, since the driving instruc-
tion information of the indoor unit 2a has been changed from
driving to stopped state, the driving information is transmit-
ted to the second relay controller 315 through the transmis-
sion line 10.

The driving state information is kept as driving while the
driving instruction information is stopped state, thus the
indoor unit controller 21a repeats this process until the driv-
ing state of the second relay controller 316 becomes stopped
state while keeping in the state of changing from driving to
stopped state.

Next, a description will be given of the operation of the
second relay controller 315. The second relay controller 315
performs a process for analyzing the newly received commu-
nication. After the analysis process is performed, in step 142,
the driving capability/incapability of the second relay unit 35
is determined, and the process then proceeds to step 143. In
step 143, it is determined whether or not a change from
stopped state to driving is performed, when the change isto be
performed, the process proceeds to step 144, and when not,
the process proceeds to step 147. In this case, the process
proceeds to step 147.

In step 147, it is determined whether or not a change from
driving to stopped state is to be performed, when the change
is to be performed, the process proceeds to step 148, and when
not, the process proceeds to step 153. In this case, the process
proceeds to step 148. At this time, if another indoor unit (25 in
this example) is operating, since the driving information of
the second relay controller 35 is not stopped state even if the
indoor unit 24 is stopped, the change from driving to stopped
state is not performed.

In step 148, updating of the driving instruction information
is performed, and the process then proceeds to step 149. Here,
the driving instruction information of the second relay con-
troller 315 is set as stopped state. In step 149, it is determined
whether or not the driving state of the first relay controller 31a
is stopped state, in the case of the stopped state, the process
proceeds to step 150, and in the case of not stopped state, the
process proceeds to step 153. In this case, since the driving
state is not stopped state, the process proceeds to step 153.
Regular processes such as acquisition of sensor input and
actuator control are performed, and the process then proceeds
to step 154. In step 154, a process for newly transmitting a
communication is performed. Here, since the driving instruc-
tion information of the second relay unit 35 has been changed
from driving to stopped state, the driving information is trans-
mitted to the first relay controller 31a through the transmis-
sion line 8. The driving state information is kept as driving
while the driving instruction information is stopped state,
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thus the second relay controller 315 repeats this process until
the driving state of the first relay controller 31a becomes
stopped state while keeping in the state of changing from
driving to stopped state.

Next, a description will be given of the operation of the first
relay controller 31a. In step 121, the first relay controller 31a
performs a process for analyzing the newly received commu-
nication. After the analysis process is performed, in step 122,
the driving capability/incapability of the first relay unit 3a is
determined, and the process then proceeds to step 123. In step
123, it is determined whether or not a change from stopped
state to driving is performed, when the change is to be per-
formed, the process proceeds to step 124, and when not, the
process proceeds to step 126. In this case, the process pro-
ceeds to step 126.

In step 126, it is determined whether or not a change from
driving to stopped state is performed, when the change is to be
performed, the process proceeds to step 127, and when not,
the process proceeds to step 131. In this case, the process
proceeds to step 127. At this time, if another second relay
controller (31¢ in this example) is operating, the driving infor-
mation of the first relay controller 31a does not become
stopped state while the second relay controller 315 is stopped,
thus a change from driving to stopped state is not performed.

In step 127, updating of the driving instruction information
is performed, and the process then proceeds to step 128. Here,
the driving instruction information of the first relay controller
31a is set as stopped state. In step 128, it is determined
whether or not the driving state of the heat-source unit con-
troller 11 is stopped state, in the case of stopped state, the
process proceeds to step 129, and when not, the process
proceeds to step 131. In this case, since the driving state is not
stopped state, the process proceeds to step 131. In step 131,
regular processes such as acquisition of sensor input and
actuator control are performed, and the process then proceeds
to step 132. In step 132, a process for newly transmitting a
communication is performed. Here, since the driving instruc-
tion information of the first relay unit 3a has been changed
from driving to stopped state, the driving information is trans-
mitted to the heat-source unit controller 11 through the trans-
mission line 7. Since the driving state information is main-
tained to be driving though the driving instruction
information is stopped state, the first relay controller 31a
repeats this process until the driving state of the heat-source
unit controller 11 becomes stopped state while keeping in the
state of changing from driving to stopped state.

Next, adescription will be given of the operation of the heat
source controller 11. In step 101, the heat source controller 11
performs a process for analyzing the newly received commu-
nication. After the analysis process is performed, in step 102,
the driving capability/incapability of the heat-source unit 1 is
determined, and the process then proceeds to step 103. In step
103, it is determined whether or not a change from stopped
state to driving is performed, when the change is to be per-
formed, the process proceeds to step 104, and when not, the
process proceeds to step 107. In this case, the process pro-
ceeds to step 107.

In step 107, it is determined whether or not a change from
driving to stopped state is to be performed, when the change
is to be performed, the process proceeds to step 108, and when
not, the process proceeds to step 112. In this case, the process
proceeds to step 108. In step 108, updating of the driving
instruction information is performed, and the process then
proceeds to step 109. Here, the driving instruction informa-
tion of the heat-source unit controller 11 is set as stopped
state. In step 109, the compressor in the heat-source unit 1 is
stopped, and the process then proceeds to step 110. In step
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110, the valve and the like of the refrigerant circuit in the
heat-source unit 1 are operated, and the process then proceeds
to step 111. In step 111, updating of the driving state infor-
mation is performed, and the process then proceeds to step
112. Here, the driving state information of the heat-source
unit controller 11 is set as stopped state. In step 112, regular
processes such as acquisition of sensor input and actuator
control are performed, and the process then proceeds to step
113. In step 113, a process for newly transmitting a commu-
nication is performed. Here, since the driving instruction
information and the driving state information of the heat-
source unit 1 have changed from driving to stopped state, the
driving information is transmitted to the first relay controller
31a through the transmission line 7.

As aresult of receiving this communication (transmission)
by the first relay controller 31a, the first relay controller 31a
determines, in step 128, that the heat-source unit controller 11
has stopped, and the process then proceeds to step 129. In step
129, the valve of the refrigerant circuit and the like in the first
relay unit 3a are operated, and the process then proceeds to
step 130. In step 130, the driving state information is updated,
and the process then proceeds to step 131. Here, the driving
state information of the first relay controller 31a is set as
stopped state. After that, in step 132, the driving state infor-
mation of the first relay controller 31a is transmitted to the
second relay controller 314.

As aresult of receiving this communication (transmission)
by the second relay controller 315, the second relay controller
315 determines in step 149 that the first relay controller 31a is
stopped, and the process then proceeds to step 150. In step
150, the valve of the refrigerant circuit and the like in the
second relay unit 35 are operated, and the process then pro-
ceeds to step 151. In step 151, a pump of the water circuit in
the second relay unit 35 is stopped, the valve of the water
circuit and the like are operated, and the process then pro-
ceeds to step 152. In step 152, updating of the driving state
information is performed, and the process then proceeds to
step 153. Here, the driving state information of the second
relay controller 315 is set as stopped state. After that, in step
154, the driving state information of the second relay control-
ler 315 is transmitted to the indoor unit controller 21a.

As aresult of receiving this communication (transmission)
by the indoor unit controller 21a, the indoor unit controller
21a determines, in step 168, that the second relay controller
3154 is stopped, and the process then proceeds to step 169. In
step 169, the valve of the water circuit and the like in the
indoor unit 21a are operated, and the process then proceeds to
step 170. In step 170, updating of the driving state informa-
tion is performed, and the process then proceeds to step 171.
Here, the driving state information of the indoor unit control-
ler 21a is set as stopped state. After that, in step 172, the
driving state information of the indoor unit controller 21a is
transmitted to the remote controller 224.

In a case where the pump is not operating during the start of
the compressor, since water is not flowing, the water tempera-
ture is suddenly changed, the high pressure of the compressor
suddenly increases or the low pressure suddenly decreases in
response to the rapid change, which might lead to an abnor-
mal stop. However, in the information transfer method of the
refrigeration air-conditioning apparatus of the present inven-
tion, even in a case where a failure of communication due to
temporary noise or traffic increase occurs, the pump always
has operated before the compressor starts, making it possible
to always stop the pump after the compressor is stopped. For
this reason, it is possible to ensure the stability of information
transfer, and an interlock equipped by hardware can be elimi-
nated. Furthermore, by performing communication between
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pairs of units by using different media/means (including
hardware and software), it is possible to increase the degree of
freedom in structuring the product. In addition, by using the
optimal medium/means for each pair, it is possible to realize
an improvement in quality and reduction in cost, to improve
the degree of freedom of address allocation and to reduce
communication traffic.

Embodiment 2

FIG. 4 illustrates the configuration of an information trans-
fer device for a refrigeration air-conditioning apparatus in
Embodiment 2 of the present invention. The refrigeration
air-conditioning apparatus shown in FIG. 4 forms one refrig-
erant circuit system, in which a heat source main unit (out-
door main unit) 1a, heat source subunits (outdoor subunits) 15
and 1c, a first relay unit 3a, and second relay units 36 and 3¢
are connected by refrigerant piping 4a, 4b, 4¢, 4d, and 4e. The
refrigeration air-conditioning apparatus may be formed so as
to have no heat-source subunit.

Furthermore, the second relay unit 35 and a plurality of
indoor units (use-side units) 2a and 26 are connected by water
piping 5a and 55, forming one water circuit system, and the
second relay unit 3¢ and the plurality of indoor units (use-side
units) 2¢ and 24 are connected by water piping 5¢ and 5d,
forming one water circuit system.

The heat-source units 1a, 15, and 1c¢ each include a com-
pressor, a valve circuit such as a four-way valve, an outdoor-
side heat exchanger and the like, and supplies heat necessary
for a system over a refrigerant.

The first relay unit 3a includes a gas liquid separator, a
valve circuit, and the like, divides the transported refrigerant
into three; high-pressure gas, middle-pressure liquid and low
pressure gas, and supplies them as cooling or heating heat
sources.

The second relay units 35 and 3¢ each include a refrigerant-
water heat exchanger, a directional control valve, a water
pump and the like, transfer necessary heat to the water from
the cooling refrigerant and the heating refrigerant, and circu-
late the water storing a quantity of heat necessary for the
water circuit.

The indoor units 2a to 2d each include an indoor-side heat
exchanger, and perform heat exchange transfer of the quantity
of heat from the circulated water to the indoor air.

The heat-source units 1a, 15, and 1c¢ are controlled by the
heat-source unit controllers 11a, 115, and 11c¢, respectively,
and the first relay unit 3a is controlled by the first relay
controller 31a. The second relay units 36 and 3¢ are con-
trolled by the second relay controllers 315 and 31c, respec-
tively. The indoor units 2a to 2d are controlled by the indoor
unit controllers 21a to 214, respectively. The heat-source unit
controllers 11a, 115, and 11¢ and the first relay controller 31a
are directly connected to one another through the transmis-
sion line 7 so as to transfer information. The first relay con-
troller 31a and the second relay controllers 316 and 31c¢ are
directly connected to one another through the transmission
line 8 so as to transfer information. The second relay control-
lers 315 and 31¢ and the indoor unit controllers 21a to 21d are
directly connected to one another through the transmission
line 10 so as to transfer information. Furthermore, the indoor
unit controllers 21a to 21d are connected to the remote con-
trollers 22a to 22d, respectively, through the transmission
lines 94 to 94, respectively, so as to transfer information.

FIG. 5 illustrates an information transfer system (commu-
nication system) in a case where plural systems for the refrig-
eration air-conditioning apparatus shown in FIG. 4 are
included. A heat-source unit main controller 11a of a certain
refrigerant system is connected to a heat-source unit main
controller lid of another refrigerant system through a trans-
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mission line 15, and furthermore, a centralized controller 51
for performing centralized management of a refrigeration
air-conditioning apparatus is connected to the transmission
line 15.

Each of the refrigerant systems (units that are connected by
refrigerant piping and water piping) are shown using a short-
dashed-line frame.

In a refrigeration air-conditioning apparatus of the related
art, generally the transmission lines 7,8,10,12, 13, and 14 are
configured using the same means/medium, and furthermore,
there is a case in which the transmission lines 9a to 9% are
connected by the same means/medium as the above.

The advantages of the configuration in which the same
means/medium is used for all the transmission lines as
described above are that it is sufficient that each controller
incorporates only one transmission and reception circuit, and
wiring work is easy. However, in recent years, with larger-
scale systems and sophistication of functions, problems of an
increase in communication traffic and occupation of address
space have arisen in such a system. Regarding communica-
tion traffic, since many controllers are present on the same
bus, communication traffic increases in proportional to the
number of controllers. Furthermore, in order to perform com-
munication over the same bus, it is necessary for each con-
troller to have a different address. For example, in the case of
the system of FIG. 5, 29 addresses are necessary, but in an
actual refrigeration air-conditioning apparatus, generally, the
number of indoor units of one refrigerant system is much
greater. For this reason, actual management targets for which
driving/stopping, a change of setting and the like are per-
formed in the centralized controller are indoor units, and
since there are large numbers of heat-source units and relay
units, the address space is occupied and a problem arises in
that the number of connected units is limited.

In a transmission method in which the same means/me-
dium is used for all the transmission lines, although all the
controllers can communicate with one another, it is possible
to receive different instructions from a plurality of different
controllers, and thus, it is necessary to construct a communi-
cation protocol for preventing collision of control and occur-
rence of mismatches.

FIG. 6 illustrates an information transfer system (commu-
nication system) in a case where, similarly to FIG. 5, plural
refrigeration air-conditioning apparatuses shown in FIG. 4
are included, and here, illustrates an example of a case in
which the transmission lines 8 and 13 are configured using
means/media (including software and hardware) differing
from the other transmission lines. When configured as
described above, it is possible to separate the communication
bus on the heat-source unit side from the communication bus
on the indoor unit side. As a result, it is possible to reduce the
communication traffic of each communication bus. Further-
more, in this example, the number of occupied address spaces
on the heat-source unit side is 9 and the number thereof on the
indoor unit side is 20. Here, even if the same address setting
is performed on the heat-source unit side and the indoor unit
side, since communication is performed with the first relay
controller 31a on the heat-source unit side, and communica-
tion is performed with the second relay controllers 315 and
31c on the indoor unit side, it is possible for the system to
make identification without problems. Therefore, this
becomes equivalent to increase addresses that can be set, it is
possible to deal with an increase in the number of controllers,
and the degree of freedom of address allocation can be
increased. Furthermore, as a result of separating the commu-
nication bus, there is an advantage that a control algorithm
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and a communication protocol can be simplified by limiting
the number of communication-capable controllers.

In FIG. 6, although the transmission line 15 to which a
plurality of refrigerant systems are connected is arranged in
the heat-source unit main controllers 11a and lid, and the
centralized controller 51 is connected to the transmission line
15, a transmission line that connects a plurality of refrigerant
systems to the first relay controllers 31a and 314, the second
relay controllers 315, 31c¢, 31e, and 31f; or the indoor unit
controllers 21a to 214 and a centralized controller may be
connected. In a case to connect to the indoor unit controller,
since it is not necessary to connect a transmission line to an
outdoor heat-source unit, there is an advantageous effect that
the length of a transmission line that connects a plurality of
refrigerant systems is shortened. Furthermore, in a case to
connect to the first relay controller or the second relay con-
troller, there is the same advantageous effect, and at the same
time, by making connection to a transmission line of means/
medium different from that of the indoor unit and the heat-
source unit, the degree of freedom of address allocation is
further improved, thus, there is an advantageous effect that
communication traffic can be reduced.

Regarding FIG. 6, it is described that a communication
medium that is different from a rest pair is used for between
the pair of the first relay controller and the second relay
controller. However, in a case where the second relay control-
ler communicates with the first relay controller and commu-
nicates with the indoor unit controller by adopting different
communication means and medium (including software and
hardware), it is possible to separate into two different trans-
mission media; among the heat-source unit controller, the
first relay controller, and the second relay controller and
between the second relay controller and the indoor unit con-
troller. This is a so-called gateway method, and if only the
second relay controller performs the replacement of transmis-
sion, the system can be separated into two even if the above-
mentioned two transmission media use the physically same
method, and thus, the configuration is simple.

Furthermore, since the system is constructed in such a way
that, as described above, each controller has a unique address
and communicates with other apparatuses by using dedicated
communication means, the controller is a dedicated product,
but only the controller is made to be a dedicated product for
each subsystem, and general-purpose products can be
adopted for the components. In particular, since the indoor
unit is an air-water heat exchanger, and basically, is a combi-
nation of a heat exchanger and a fan, constrains in design are
small, and it is effective that the controller unit and the struc-
tural unit are made separable.

INDUSTRIAL APPLICABILITY

The information transfer system described in each of the
above-described embodiments can be used for a cooling
apparatus and an air-conditioning apparatus that includes a
refrigerant circuit on a heat-source side and a water circuit for
performing heat exchange with a refrigerant circuit on a use
side.

The invention claimed is:

1. An information transfer system for a refrigeration air-
conditioning apparatus, comprising

atleast one heat-source unit that includes a heat-source unit

controller;

an outdoor-side heat exchanger, one first relay unit includ-

ing a first relay controller and a gas-liquid separator
through which a refrigerant passes from said heat-source
unit, and at least one second relay unit including a sec-
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ond relay controller and a refrigerant-water heat
exchanger through which the refrigerant passes from
said first relay unit, which are connected by refrigerant
piping, and

at least one indoor unit, including an indoor-side heat

exchanger and an indoor unit controller, connected to
said second relay unit by water piping, wherein said
indoor unit performs heat exchange between water, to
which heat exchange is performed by said refrigerant-
water heat exchanger, and an indoor air by said indoor-
side heat exchanger,

wherein communications are performed discretely

between a pair comprising said heat-source unit control-
ler and said first relay controller over a first signal trans-
mission line, a pair comprising said first relay controller
and said second relay controller over a second signal
transmission line, and a pair comprising said second
relay controller and said indoor unit controller over a
third signal transmission line.

2. The information transfer system for the refrigeration
air-conditioning apparatus of claim 1, wherein an operation
sequence for pairs of units is defined with a communication
protocol at the time of start/stop of the refrigeration air-
conditioning apparatus.

3. The information transfer system for the refrigeration
air-conditioning apparatus of claim 2, wherein when the
refrigeration air-conditioning apparatus is to be started, a start
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operation is performed in a sequence of said indoor unit, said
second relay unit, said first relay unit, and said heat-source
unit, and when the refrigeration air-conditioning apparatus is
to be stopped, a stop operation is performed in a sequence of
the heat-source unit, said first relay unit, said second relay
unit, and said indoor unit.

4. An information transfer system including a plurality of
refrigeration air-conditioning apparatuses described in claim
1, comprising:

a centralized controller for performing centralized man-
agement connecting to each refrigeration air-condition-
ing apparatus through a controller of corresponding
heat-source unit, a controller of corresponding first relay
unit, a controller of corresponding second relay unit, or
a controller of corresponding indoor unit.

5. The information transfer system for the refrigeration

air-conditioning apparatus of claim 1, wherein

each unit has a corresponding controller that controls
operations of the corresponding unit, and

in between each pair of units that communicate with each
other, a driving/stopping instruction information of a
controller possessed by one unit is transferred to the
other unit and a driving/stopping instruction information
of a controller possessed by the other unit is transferred
to the one unit.



